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[57] ABSTRACT 

A memory architecture having particular application 
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for use in computer systems employing viitual memory 
techniques. A processor provides row and column ad- 
dresses to access data stored in a dynamic random ac- 
cess memory (DRAM). The virtual address supplied by 
the processor includes high and low order bits. In the 
present embodiment, the high order bits represent a 
virtnal row address and the low order bits represent a 
real column address. The virtual row address is applied 
to a memory management unit (MMU) for translation 
into a real row address. The real column address need 
not be translated. A comparator comimres the current 
virtual row address to the previous row address stored 
in a latch. If the current row and previous row ad> 
dresses match, a cycle control circuit couples the real 
column address to the DRAM, and applies a strobe 
signal such that the desired data is accessed in the mem- 
ory without the need to reapply the row address. If the 
row addresses do not match, the cycle control circuit 
initiates a complete memory fetch cycle and applies 
both row and column addresses to the DRAM, along 
with the respective strobe signals. By properly organiz- 
ing data in the memory, the probability that sequential 
memory operations access the same row in the DRAM 
may be signiScantly increased. By using such an organi- 
zation, the present invention provides data retrieval at 
speeds on the order of a cache based memory system for 
a subset of data stored. 
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row and previous row addresses match, a cycle control 

MEMORY ACCESS SYSTEM circuit couples the real column address to the DRAM. 

and applies a CAS signal such that the desired data is 

BACKGROUND OF THE INVENTION accessed in the memory without the need to reapply the 

1. Field of the invention ' address. If the row addresses do not match, the 
The present invention relates to memory systems for ^y^^ control circuit initiates a complete memory fetch 

computers, and more particulary, to methods and appa- cycle and applies both row and column addresses to the 

ratus for iocroasmg data access speed and efftciency. DRAM, along with the respective RAS and CAS sig- 

2. Art Background nals and updates the contents of the latch. By properly 
In many data processing systems, it is common to organizing data in the memory, the probability that 

utilize a high speed buffer memory, referred to as a sequential memory operations access the same row in 
**cache'* coupled to a central processing unit (CPU) to the DRAM may be signilicantly increased. By using 
improve the average memory access time for the pro- . such an organization, the present invention provides 
cessor. The use of a cache is based upon the premise that data retrieval at speeds on the order of a cache based 
over timev a data processing system will access certain memory system for a subset of data stored. Data stored 
localized areas of memory with high frequency. The along the same row in the DRAM may be accused at 
cache typically contains a subset of the complete data speeds four to five times faster then the time required 
set disposed in the mam memory, and can be accessed for a complete memory fetch cycle, 
very quickly by the CPU without the necessity of read- 
ing the data locations in the main memory. 20 BRIEF DESCRIPTION OF THE DRAWINGS 

The use of a cache adds considerable complexity to a nO. 1 is a block diagram conceptually iHustrating 

data processing system and substantiaUy increases sys- the nature of the present mvention. 

tern cost Histoncally. memory access requirements RG. 2 is a more detafled block diagram illustrating 

weresuchtojj«tifytheina^d«qpenseto^ an example of the presenUy preferred embodiment of 

jty of cache based architectures. In new generation « ^j^, inyg^tion. 

Reduced Instruction Set Computers (RISQ processing nO. 3 is a flow chart identifying the sequence of 

speeds reqmrc smgle cycle memory access. Most mod. operadons of the embodiment iUi^ted in FIG. 2. 

em memory systems untihze dynamic random access "f^*""" ™w"uuuwi* mi^uawu m x-iw. 

memories (DRAMs) which generally have 200 nano- DETAILED DESCRIPTION OF THE 

second cycle times ("cycle** time being the time from 30 ^ INVENTION 

the hiitiation of the memory access utttfl data can again * u~ ^ -^i. * ^ ♦ i ^ u 

be provided by the memo^ device). Although typiS . ^ ^P'?^«* '^fJ^'^jy architecture is disclosed, hav- 

. DRAMs provide 200 nanosecond cycle the col- "'S particul^ apphcation for use m computer systems 

mnn access/cycle time for the parUcular device is gen- f^P^ovm virtual memory techniqu^ In the foUowmg 

crally only 43 nanoseconds (where "access" time b the 35 <lca«npUon for purposes of explanation, specific mem- 

tima from the application of a column address signal ^^^^ devices, data rates, architectures, and components 

(CAS) until data b provided on a data bus). Accord- "® ^ provide a thorough undersland- 

ingly, the cycle time for a commercially available ing of the present invention. However, it wUl be appar- 

DRAM may be up to five times the.colnmn access/cy- '° skilled in the art that the present invention 

cle time for the same device. 40 may be practised without these specific details. In other 

As will be described, by properly allocating data instances, well known circuits are shown in block dia- 

storage in the DRAM memory and using the teachings form in order not to obscure the present invention 

of the present invention, the main memory of the com- u nne ce s sa ri ly. 

puter may be effectively used as a cache. The present reference to FIG. 1* the present invention is 

invention discloses apparatus and methods for use in a 45 disclosed conceptually in block diagram form. A dy- 

computer system to quickly and efficiently access the oamic random access memory (DRAM) 10 comprises 

computer's main memory to obviate the need for a memory device of a data processing system. In the 

separate cache. The present invention utilizes static present embodiment, DRAM 10 includes a memory 

column DRAMs in an architecture which permits very ^my of the type having row and column addresses 
fast access to a localized subset of the mam memory, SO identifying the location of data within the array, 

and b particularly suited for use in systems employing DRAM 10 may comprise a one megabit CMOS dy> 

virtual memory techniques. namic RAM with static cdamn access. In such memory 

^ devices, the cycle time from the imtiation of the mem> 

SUMMARY OF THE INVENTION ory access to the output of desired data is on the order 
An improved memory architecture is disclosed, hav- SS of 200 nanoseconds. Data is accessed from DRAM 10 . 
ing particular application for use in computer systems by first providing a row address, which identifies a 
employing virtual memory techniques. A proc«sor particular row withm the memory array in which the 
provides row and column addresses to access data data is located, along with a row address strobe (RAS) 
stored in a dynamic random access memory (DRAM). signaL A column address is then provided to DRAM 10 
The virtual address supplied by the proce^r includes (SO which identifies the particular column within the en- 
High and low order bits. In the present embodiment, the abled row having the desired data, along with a column 
virtual high order bits represent the row address and the address strobe (CAS) signaL Typically* in static column 
low order bits represent a real column address. The DRAMs the time from the- application of the column • 
virtual row address is applied to a memory management address and CAS signal to the output of data by the 
unit (MMU) for translation mto a real row address. The 65 device is approximately 45 nanoseconds. The time per- 
real column address need not be translated. A compara* iod from the application of the column address and 
tor compares the current virtual row address to the CAS signal to the output of data is referred to as the 
previoi^ row address stored in a latch. If the current "column access" time of the memory device. Accord- 
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mgly, a memory cycle is approximaidy five times the previously discussed, once a particular row within 
length of the column access/cycle speed of the device. DRAM 10 is enabled, access to a data element within 

In certam static column DRAM memory devices, that row may be done very quickly. In the embodiment 
once the row address and RAS strobe signal have been illustrated in FIG. t it wiU be appreciated that it is only 
applied, any data element disposed within, the enabled 5 necessary to apply the column address 14 to DRAM 10 
row may be accessed by applying the appropriate col- to access data stored within a row enabled on a previous 
umn address and CAS signal, without the necessity of data cycle. Accordingly, in the case where the current 
reapplying the row address and RAS signal. As noted, row address is the same as the immediately preceeding 
access to data stored within a previously enabled row row address, it is not necessary to reapply the current 
may occur very quickly (approximately 45 naaosec- 10 row address to the DRAM and provide an additional 
onds) as opposed to accessing data stored in another RAS signal, but rather, it is only necessary to apply the 
row within the memory array. current column address and apply the CAS signal to 

It is common^in high speed data- processing applica- access the memory. In a typical application, the use of 
tions to use a "cache" memory coupled to a central the present invention permits access to data stored- 
proccssing unit to improve the average access time for 15 within DRAM 10 in approximately 43 nanoseconds 
the processor. The cache contains a subset of data lo- instead of the typical 200 nanoseconds, 
catedwithiathemainmemory of the system, and caa be As will be appreciated by one akUIed in the art, in a 
accessed very qukkly by the processor without the woriting memory system multiple banks of memory 
necessity of reading the* data locations in main memory. must be utOixed rather than a single dynamic RAM. In 
It is generally assumed that in high speed processing 20 order to render the system outlined in FIG. 1 practical, 
systems that a cache memory is required to achieve it is necessary to arrange data within multiple banks of 
single cycle memory acc^s by the processor. However, memory, such that probability of multiple sequential 
as previously noted, the use of a cache significantly accesses to the same row within a memory bank is sig- 
mcreascs the complexity and cost of the data processing nificantiy increased. If frcquentiy used data may be 
system. As will be described in this Specification, the 23 localized within the memory in this manner, main mem. 
present invention provides a memory system which ory may be utilixed in place of a much more expensive 
obviates the need for a cache, yet provides high-speed and complex cache system. 

access to localized areas witWn main memory. It wiU be Referring now to HG. X the present Invention will 
appreciated by one skilled in the ait that if data is ap- be illustrated and described with reference to an em- 
propriately arranged within DRAM 10 (FIG. X\ that 30 bodiment having two memory banks, DRAM bank *'A" 
any data element disposed in a previously enabled row and DRAM bank "B- in a dau processing system utiliz- 
may be accessed within a single clock cycle of the sys- hig virmal memory techniques. For purposes of this 
tem. Accordingly, by property storing data within the Specification, and in order to avoid unnecessary com- 
memory array, a localized subset of the main memory pUcation. only those address, control and data lines 
m^ be effectively used as a cache by tiic processor. 33 necessary to illustrate tiie present invention have been 
Refemng once again to FIG. 1, a processor (not disclosed in the Figures. However, it wiU be apparent to 
diown) provides a row address 12 and a column address one skilled in the art that other lines, devices, and sup- 
14 to access desired data stored within DRAM 10. The port circuitry may be required in any particular applica- 
column address 14 is applied to a multiplexer 16, which, tion. 

as will be described, selectively ^plies either Uie row 40 A processor 30 communicates with the memory sys- 
or column address to DRAM 10. Row address 12 is tem of the present invention along a virtual address bus 
applied to a latch 18 and a comparator 20. A cycle 32. Virtual address bus 32 includes a ploraUty of indivtd- 
control circuit 22 b coupled to latch 18, comparator 20, ual lines which carry addresses in the form of multi-bit 
as wdl as multiplexer 16. and provides both the RAS words with one bit applied to each line. Typically, 
and CAS signals tp DRAM 10 to access data. Upon 45 processors may use address buses having between 16 
apphcation of an initial row address 12 and column and 32 bits. In the present invention, addresses transmit- 
address 14 to the memory system disclosed in FIG. 1, ted over vinual address bus 32 are structured such that 
comparator 20 compares die current row address 12 low ordered bits form a direct (real) address segment 
(RA<p) with the previous row address (RACi- 1)) for the DRAM memory, with the low order bits being 
which had been used to access data on the previous full 50 separated from tiie virtual address bus 32 along line .34 
RAS, CAS memory cycle. If the row address stored As will be described more ftiUy below, the low order 
withm^e latch docs not match the current row address (real) address bits comprise tiie column address for 
supplied by tiie processor, cycle control 22 clocks latch desired data stored witiiin DRAM bank A and DRAM 
l^^such that the cnirent row address is tiien stored bank B. High order address bits form a virtual address 
withm the latch, and signals multiplexer W to apply the 55 segment corresponding to die row address for data 
current row address 12 to DRAM 10. Cycle control 22 stored witiun the main memory DRAM banks A and B. 
ftirth» issues a RAS signal to DRAM 10 such that the . (See, for example, U.S. Pat Nos. 4.527.232 and 
desffed row witiiin the memory array is enabled. Cyde 4.550.368, assigned to the Assignee of the present appU- 
control 22 then apphes column address 14 through mul- cation.) .. 
tipl«er 16 to Uie CJAM 10. and issues an appropriate 60 The high order bits comprising the virtual address 
CA5 Signal to the DRAM which identifies Uie particu- segment are retained on the virtual address bus 32. As 
lar data to be accessed m tiie array. The DRAM 10 then illustrated, tiie high order virtual bits are applied to a 
providra the selected data to the processor, typically memory management unit (MMU) 38 for translation 
over a data bus (not shown). " ' Into a high order physical address. In tiie present cm- 

In tiie event tiiat the current row address RA(i) is tiie 65 bodiment. MMU 38 is a rdativeiy high speed random 
same as tiie previous row address RACi--l) stored in access memory unit, such as a &st statw RAM. The 
latch 18, cycle control 22 appUes tiie current column MMU 38 takes as an input tiie high order virtual address 
address 14 to DRAM 10 and issues a CAS signal As supplied by processor 30 and provides as an output a 
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S^^fTk * *°* ®- ^O*"' 3* ™y take the match exists and piovide a signal over Hne <5 to cvcle 

Std terete bv^^e^"''°^°^ """^ ' pJed direcUy to cycle control 5S to id^tify which Jh- 

Ai.!:?,- . ; /«»nparatorciicmt identified the inafch. In the current 

A latch 42 B coupled to virtual address bus 32 and a enun^e, whereai»«cheasttto^ ftfcWl^ 

comparator 43 .s coupled to both the virtual addr«s bus virt»5 Iddress and the c^nH^toA 4 c^^cT- 

' ««1 5S signal, multiplexer 6a couplcAeleTSi^ 

coupled to virtual addr«a. bus 3« and IS in turn coupled 10 segment comprising the column address to phyriS 

^''SKS:;^rT.''s*2"'?u~S'P^'°'**~'"- address bus 70 and DRAM bank A. ^^le toSK 
f«Md»e contats of lateh 44 with the current virtual also provides the necessary column address agnal (CAS 

^r^f"^ ZITT" *^ 5"* " A then^rovides the dSrT^4 to a 

c«or 30. As lUumted. the ou^ts of ojmparatprs 43 data bus (not shown) witll, the access time of the static 
^^"'^'^^^<^OKj^U:S0>:i<i»rtco^ li column dymmiic RAM (approamatdy 45 n^! 
c^rin ^"t "TJ"^ ^ "^^^ Accordingly, in thi SL where a match^^ 

^^n^ww uSt?"*?* of comiaraton 43 and 48 the present invention does not reapply the viitu^ 
r.^?^ '«"^«» ^ an additional R^si^ reqoh^dr^ 

^ti?J.«^?.l^ •^"'"'^ ^ art that typically CASsignallinesareinanormally high 

»dCA^d™i,1 i^HT'^. appropriate HAS state and arc set low for data access, whereas RAS liiS 
andCAS agnals to DRAM bank, A and B. are in a normally low state and remain low for da" 

^.^^^P^^^^^^Pi^y^cai'if . access. Moreover, reference bmaTTnG. 3 wtoh 
of the vutuaJ^ess supplinl by processor 30 to the sets forth the sequence of operations of AenJSS 
^p enable (CE) port of latches 42 and 44 over line 61. 25 invention as deseed herehL^ 

™™Jj!rr;SI; "^"'"l ^^^'^ "u" f° ^ 'l"' no "a'ch between the cur- 

mtm>ry\>^o^y^ lowest rent virtual row address and the previous row addr^ 

in latch 42, cycle control SS signals multiple^ 

^t^J^}^- ^ ^ ^"J**^ ** *° ^ "^alated (now real)row addr^ 

' ''^ » w«»W be 30 One 40 to memory bank A ilong phy^ addr^b« 

^^■^^tZitl^J^Xl^'^^'^'^'S^ Oancurretitly. cycle control 55 iLes a RAS hi^ 
utcB **) and would be mverted by an mveiter 63 to a dgna) to bank A and provides a clock sional alone doTk 

, Coi^ersely. latch 44 would be en- such that the current virtual row address U stored 
SSi^^JJl^^ •f^f^.'f^??! Phyrical bit of 3J thereia The RAS line is then brought toatow conS 
?tlSC^^l!!',i'°f^ w """ipla:'" 60 then .ppli« d« real 

Ld^iS^ !?• P^y>;<^J".'s a»PPUed to segment defining die column ildress to bank A aS 

^e control SS, and this bit (or bits in the case of more appUes a low CAS signal After completinTtW^ ftfl 

^^I^*SL^tf^L'^1?''"''^'*r'^"*"''' m^orycydeaccessiSinTi^rpSr^^^ 

^ / * ■* « and the appUcation of the row and Wlnmn addressed 

:,T^^J^L^jiT^^ ^IT'^T' " alongwiththeirrespectivesirobes.damisprovide^ 
S^^tZiS^.^iT?'" '^i^^*^'^.'"" " memorybankAtoUieprocessoralongthe4ttabu,(not 
T^.^^^^^^u^'^"' ?^ ^ »^*">- It win be applied by one skilled in the art. 

'^^^S* ^ V»* oorrespond- tiat in the event ^ a ftiU nimory acc«s c^le to 

«TJ?^ ""^ ^J^a "^"^ » « "^'^"^ timt the time for the pres J inve^on » ob 
Sr^n^rf^ ■ °^ ^ the desired data is geaer^ly the same a, that in 

^r^ co^^^L*;„^,f "^"^ 'Sr'™ '^.^ othercompntersystemsiringst^ardmemoryacc^ 
DR^S if. w*^^^^ ^1 7^^,address within teehidquei to acquire data in a computer main memory. 
DRAMbank A is applied to virtual address bus 32. and However, in those mstances whae a match ^cSi 
^^^"'i^l T'^!^ ^ '^^ «> between ftecurrent.S«w2Sre^SeS 

SS^^i^t^M^J" """8 "~ « """"y "tored virtual row address. significJm adS-tK 

a™C^f^1ii T^kT^ "^i**" "'■'<="«renUy types of data based on tiie tnmriaSi \twal r**^ 
»^te^^fri,^T^"'°~.'"S"^'*^- particularly, the lowest traS ^«1 

II wiu l>e nottd that although the current virtual row tow address bits. GeneraUv it has been fnimri th» in 

;JSjSr^L*i'*'"^"=M2co««!i- « most.^tS'^^^;;:^^eW4"f • 

pre^dmg virtual row address, and wiU continue to sor memory fetches are for instructions, aid approril 

Kd^kT^ ^ "-^ "ta tbe ««el, J0% Of the memory fetches dTto 

CnmfMnMr « .1. . current generation RISC processors, approximately 

wlS^*^ nScS ^,i.^f 20% of the memory fetch operations a>« ti obtain dm 

tow addrea stored in 65 and approximately 80% ofAe fetch operations are to 
^teOat^^S^, !, ^.'^ *^ instructions. Accordingly, the uTof tiie present 

t i?'"'"' ^ "^'«''»' an effective -cache" to be defmed in 

ttot either comparator 43 or comparator 48 identines a one or more memory banks, such that localhrf s^S 
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of memory may be accessed very quickly. In other row address and said RAS signal are provided to 
words, the computer system's operating system may said one memory array only if said comparator 
keep track of the data and instructions stored in mem- output indicates that said current virtual row ad- 
cry and place data in« for example, even numbered dress is not the same as said preceding virtual row 
memory banks and instructions in odd liamber memory 5 address, and wherein only said column address and - 
banks, or vice vetsa. Accordingly, the probability for said CAS signal are provided to said one memory 
sequential memory access by. the processor for any array when said comparator output indicates that 
DRAM bank having Identical virtual row addresses said current virtual row address is the same as said 
may be sigaificasdy bcreased. The use of such a tnem- preceding virtual row address; 
ory system architecture in conjunction with the hard* 10 said cycle control means including clock means for 
ware of the present invention, as illustrated in FIO. 2, providing said clock signal when said comparator 
obviates in many cases the need for a separate cache output indicates that said current, virtual row ad- 
based system. In addition, it will be noted by one skilled ^^ss is not the same as s^d preceding virtual row 
in the an that although FIO. 2 illustrates two banks of address- 
dynamic RAM memory, that the embodiment illus- 15 2. The memory access system as defined by claim 1, 
tratcd may be expanded to a plurality of banks» each wherein the outputs of said N comparators are electri- . 
bank having a coiresponding latch .and comparator ^^^uy connected to said cycle control means, 
circuit, wherein the number of lowest translated physi- 3 memory access system as defined by claim 2, 
cal bits used to enable specific latches is a function of ^^gj^ y fewest translated physical bits from said 
the number of dynamic RAM banks utifized. 20 MMu ^re electrically connected to said N Utchcs such 
Although the present mvenUon tms been described th^t ^ne of said Utches is enabled as a function of the 
with reference to FIGS. 1-3, it will be appreciated that ^^^^ ^ ^ y 

theFiguresarefor ilhBtntiononly,and thatthcprescnt ^ ^ ^ ^ ^^^^ ^ 3^ 

mvention may be used m numerous other memory ap- data in said N banks of memory arrays are 

organized such that certam of said banks store a higher 

1 A^L,««t a,,*^ ..r%m««r;ein(t. percentage of instructions then daU compared to other 

. X. A memory access system comprising: . . 

memory means for storing data, said memory means c -rv^ .^.J . 00 i,« nuins a 

indi^g N banks of memory arrays, each of said I "^"f?^ .^^'^ '7^^? f defined by clium 4. 

!«ltl^ w wherem said data is organized to increase the probabil- 

memory arrays compristog a dynamic random ac- 30 ^rconsccuUve me^^accesses to the same row 

cess memory havmg static column access, wherem **Jj vukwvumyc "^^^^^ 

dataisstoredatapluraUtyoflocations,eachofsaid . addrw as previous accesses. ■ . . 

locations specifi<5 by a real row address and a ^« ^ defined by claun 5 

columin addTcss and wherein said data at said sped- ^ organization is controlled by an opw- 

fied location Is accessed after receipt of said real 35 ^ting system compnsmg instructions executed by said 

row address fbUowed by a row address strobe procefflor. . ^ j v 1 • ^ 

(RAS) sigmd and said column address followed by J- The memory acc^ system as defined by claun 6, 

^ a column address strobe (CAS) signal; wherem said column addresses supphcd by said address 

address generation means for generating a virtual generation means arc real addresses. ^ ^ , . , 

row address and said column address correspond- 40 «^ The monory accos s^tem as defined by claim 7. 

ingtoadesircddatatocationinoneof saidmemory ^^eiem laid translate^ rial row addr^ and said r^ 

arrays, said address generation means comprising a address arc sdcoiyely coupled to one of said 

processor; memory arrays by a multiplexer upon command of sazd 

latch means electrically connected to said address cycle control means, 

generation means, said latch means induct N 45 ^- An improved method for accessing a computer 

latches, one for each of said N banks of memory memory including N banks of memory arrays, each of 

arrays, for receiving said virtual row address and said memory arrays compriang a dynamic random ac- 

storing said virtual row address upon receipt of a ««« memory having sUtic column access, wherem data 

clock signal; stored in at least one of said memory arrays at a plu- 

comparator means electrically connected to said 50 rality of locations, eacsh of said locations spedfied by a 

latch means and said address generation mf ans, leal row addreb and 8 column address and wherein said 

saul comparator means induding N comparators, said specified location is accessed after receipt of 

one for eadi of said N of memory arrays, for real row address followed by a row address strobe 

comparing a current virtual row address from said (RAS) signal and said colunm address followed by a 

■ address generation means to a preceding virtual 55 column address strobe (CAS) signal, comprising the 

row address currcntiy stored in said latch means steps of: . 

and for providing an output indicating the results storing a virtual row address in latch means upon 

of said comparison, said comparator means further receipt of a clock signal, said latch means including 

including an OR gate for recdving the outputs of N latches, one for each of said N banks of memory 

saki comparators and providing an output; 60 arrays; 

a memory management unit (MMU) for translating generating, in a processor, a current virtual row ad- 
said virtual row address into a real row address; dress and a current column address corresponding 

cyde control means electrically connected to said to desired data in said one memory array; . 

output of said OR gate, said latch means, said comparing said current virtual row address to said 

MMU, and said memory means for receiving said 65 virtual row address stored in said latch means using 

comparator output and for providing said real row N comparators, oine for each of said N banks of 

and column addresses and said RAS and CAS sig> memory arrays, outputs of said N comparators 

nals to said one memory array, wherein said real bdng input to an OR gate; 
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tranalfliing, in a memory management unit (MMU), 10. Tbe method as defined by claim 9, wherein the 
said current virtual row address into a current real ^^^ts of said N comparators are coupled to said cycle 

row address; ™»as. 

providing^ Cerent «a. row addles,, said cur^o. 5 lo^tt^rph^fcfbS f^rd iJU'^^^^ 

column address and said RAS and CAS signals to pled to said latches such that the value of said Y bits 

said one memory array as a function of said com- corresponds to at least one of said latches and memory 

paxison such that said current real row address and thereby enabling said corresponding latch. 

said RAS signal are provided to said one memory m i„ ^J^u^^c^ "^^V""^ 

, TTT. . "icnwjy 10 tn said N banks of memory anays are organized such 

array only if said current virtual row address b not that certain of said banks store a higher j^tage of 

the same as said virtual row address stored m said instructions then data compared to other of said banks, 

latch means and such that only said column address method as defined by claim 12, wherein said 

and said CAS signal are provided if said current organired to increase the probability of consecu- 

virtual row address is the same as said vhtual row " ^^^^^-^ to the same row address as previ. 

address stored *m said latch means; 14. The method as defined by claim 13, wherein said 

providing said clock signal to store said current vir- ^^^a organization is controlled by an operating system 

tual row address in said latch means when said comprising instructions executed by said processor. 

current virtual row address is not the same as said ^ «e«r^^ fSn^f ""^I^IS.^^ "^^'^ 

t J J .... generated Column address is a real address, 

virtual row address stored in said latch means. • • * • «««urc». 
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